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Detailed Stuciy Plan
February, 1974,
   
 
 “Is the purpose of our civilization really to
see how much the earth and the human spirit
can sustain? The decision is still ours to
make assuming we recognize that the goal of
humanitarianism is not the quantity but the
quality of life. If we evade the choice,
the inevitable looms ahead of us — even
sterner forces will make the decision for
us. We cannot delay or evade. For now, as
we look, we can see the limits of the earth.”
Fairfield Osborn,
“The Limits of the Earth”,
Little, Brown and Company, Boston.
1953.
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United Siateé and Canada
Gentﬁemen:
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STUDY PLAN TO ASSESS
GREAT LAKES POLLUTION FROM LAND USE ACTIVITIES
 
February 20, l974
Submitted to the Great Lakes Water Quality Board by the
International Reference Group on Pollution of the
Great Lakes from Land Use Activities
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SUMMARY OF STUDY PLAN
 
The Study Plan emphasizes four main tasks:
To aAAeAA paobtemb, management phoghama and hebeaach and to attempt
to bet patchttieb tn hetatton to the bebt tnﬁoamatton now avattabte
on the eﬁﬁeetb 06 tand uae acttuttteb on watea quattty tn boundahy
wateab 06 the Gaeat LaheA.
Inventoay 05 [and aAe and tand uAe phaettceb, wtth emphaAtA on
eeatatn taendé and phojeettonb to 1980 and, t5 poeétbte, to 2020.
Present land u5e report to be completed in l97h, report on trends
to be completed in l975.
Intenbtve AtudteA 06 a Amatt numbed 05 hepaeAentattue wateaahedb,
Aeteeted and conducted to pehmtt Aome extaapotatton 06 data to the
entthe Gaeat LaheA baAtn and to hetate contamtnatton 05 watea
quattty, ahteh may be ﬁaund at ttvea moathA on the Gaeat LaheA, to
Apeetﬁte tand abet and phaetteeb. Preparation activities in l97h,
intensive surveys in 1975 and l976.
Diagnoatb 05 degnee 06 tmpathment 05 wateh quattty tn the Gheat
LaheA, tnetudtng aAAeAAment 06 concentaattonb 06 eontamtnantb 06
concean tn Aedtmenté, 6t¢h and othea aquatte herahceA. Activities
during l97h ' l976.
The Study will require three years of intensive surveys, with much
of the fourth yéar devoted largely to preparation of the final report, to be
presented in 1977.
U.S. and $5,l35,000 in Canada).
The estimated cost of the Study is $l0,990,900. ($5,856,500 in the
In addition, available estimates of the cost
of ongoing studies relevant to the task of the Reference Group through the
study period (l973 to the end of l977) total $8,209,000. Breakdown of direct
study costs by country and Task is as follows.
CANADA UNITED STATES
TASK A $ l50,000 5 l50,000
TASK B l85,000 209,500
TASK C 3,967,000 h,93#,000
TASK D ‘733,000 “63,000
REPORT 100,000 l00,000
The general integration and scheduling of Reference Group Tasks and









































































































    




































   




























Studies requested by the International Joint Commission on water
quality in the lower Great Lakes, completed and submitted in 1969, demonstrated
that diffuse land drainage sources of pollutants were not only significant but
also difficult to measure.
The acceleration of tertiary treatment at point sources
will magnify the relative importance of land drainage sources of many pollutants,
and this calls for a much better definition of the impact of land use activities
- practices and programs on water quality in the Great Lakes.
It was for this reason that the Governments of Canada and the United
States on signing the Great Lakes Water Quality Agreement of April 15, 1972
requested the International Joint Commission to investigate pollution of the
boundary waters of the Great Lakes system from agricultural, forestry and other
land use activities.
The Commission was requested to enquire into and report to the two




Are the boundary waters of the Great Lakes System being
polluted by land drainage (including ground and surface
runoff and sediments) from agriculture, forestry, urban
and industrial land devel0pment, recreational and park
land development, utility and transportation systems,
and natural sources?
If the answer to the foregoing question is in the
affirmative, to what extent, by what causes, and in what
localities is the pollution taking place?
If the Commission should find that pollution of the
character just referred to is taking place, what remedial
measures would in its judgment, be most practicable, and
what would be the probable cost thereof?
The Commission was also requested to consider the adequacy of existing






inputs of nutrients, pest control products, sediments and
other pollutants . . . . .
land use
land fills, land dumping, and deep well disposal practices
confined livestock feeding operations and other animal husbandry
practices













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































examination for specific materials in specified locations.
No signle aspect of
this study is more important than any other.
For example, information on inputs
to boundary waters at




use practice of origin or on
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Summary has been divided among Reference Group members in the following manner:
Parlzek, Penn. State University
Herbst, Minnesota, (J. Dooley, Michigan protem)
Wood, Ontario Ministry of the Environment
. Carter, Indiana
. Marks, (J. Dooley). Michigan
Eckel, Ontario Ministry of Natural Resources
. Brubaker, Ontario Ministry of Agriculture and Food
Konrad, Wisconsin
Hetling, New York
. Jeffs, Ontario Ministry of the Environment
. Morley, Agriculture Canada
Tellekson, U.S. Environmental Protection Agency
. Schenk, Ontario Ministry of the Environment
. L.
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Canada - Categories on Land Use/Water Quality Relationships
Questionnaire and Data Matrix




Specialized Land Use Categories Data Output (U.S.)
Data Collection Guidelines Activity A
TASK C - CANADA
Canadian Watershed Descriptions and Map
Agricultural Watersheds
Factors for Selection of Agricultural Regions and Watersheds
Progress in Compilation and Preparation of Existing Data
Additional Studies to be Included in the Preliminary Phase (74-75)
Agricultural Watersheds Selected for Study (Phase I)
TASK C - UNITED STATES
United States Watershed Descriptions and Map
Genesee Basin Study Budget Summary
List of Water Quality Studies Conducted on MenomOnee Watershed
Menomonee Basin Study Conducted on Menomonee Watershed
Felton-Herron Creek - Mill Creek Budget Summary













































































To 605591548 pnobtemzs, management mag/Lama and he/seaneh and to auempt to
6&1 phtonttteb tn netatton to the beAt tnéonmatton now auattabte on the eﬁﬁeetA
05 tand u/se activities on the ovate/L quality 06 the boundcuty mate/us tn the Gneat
Laheb.
INTRODUCTION
In order that subsequent Tasks may derive the full benefit of past and
present programs and activities pertinent to the goals of the Reference Group,
it is essential that an assessment of the current state of the art be carried
out, and that the Reference Group be kept informed of current developments. A
detailed review of existing and potential control and remedial measures is
required to consider their adequacy, practicability and probable cost.
This activity will answer those questions put to the Reference Group
concerning the adequacy of existing control measures and will provide the data
base upon which the Reference will draw in order to recommend management and
:control programs relevant to the problem areas defined by its studies.
ACTIVITIES (CANADA AND U.S.)
 
(l) to assess the current state of knowledge regarding the
pollution potential of various land uses.
(2) to assess and document the practicability and probable cost
of available remedial or control measures.
ACTIVITY I -
To assess the current state of knowledge relating to, and define problems
associated with possible pollution of the Great Lakes arising from agriculture,




The preparation of background documents on the current state
of knowledge regarding management practices, regulations and
 
 compliance, present and potential degree of pollution, public
attitudes and socio-economic conditions related to pollution of
the Great Lakes arising from land use practices in Canada as
defined in Appendix II-I.
Phasv Z —
A continuous updating of this information, taking into account
the many existing and proposed programs will assure the Reference
Group




is to be carried out by the Canadian members of
the
Reference Group and their staffs with some supplementary funding.
Completion of a questionnaire and data matrix
(Appendix
II-?) by































































































































































































































































































































































































































































































































































































































































































































































































































Inventh 013 (and (use and tand u/se p/Lacuce/s moth empth on can/tam:
Hands and p/wjecltéom to 7980 and 2020.
INTRODUCTION
Background information on characteristic basin properties such as
land use and related material usage, physical fabric, climate, population and
other socio-economic data is required for: (1) selection of study areas,
(2) extrapolation of results from watersheds to larger regions (3) the
foundation for assessment of trends in land use patterns and practices. Much of
this information is available from a variety of sources.
The overall relative importance of many land uses and practices will
change substantially in future years. In order that the management of land to
minimize loss of pollutants in drainage waters can be planned in the light of
these future trends, projections of land use, land use practices, population and
other socio-economic characteristics are to be made to the years l980 and 2020.
ACTIVITIES (CANADA AND U.S.)
 
(1) To provide a general land use inventory of the Great Lakes
Basin. (See Appendix IH-lfor classification).
(2) To provide specific information concerning the nature and
location of defined specialized land use categories in the
Great Lakes Basin. (See Appendixllkz for categories).
(3) To provide information on the physical fabric of the Great
Lakes Basin including soils and their capability, hydrology,
geomorphology, climate, mineral and gas resources, broad
vegetation zones.
(A) To provide an inventory of various materials applied to
land which may influence the quality of drainage waters.
(5) To provide a consistent and comprehensive set of forecasts
for I980 and 2020 relating to land uses and land use













ACTIVITY I - General Land Use Inventory












































































































































































































































































































   
Data Processing
The CLI and CCR8 land use information will be put into the data base
of the Canadian Geographic Information System. In addition the boundaries of
the watersheds and political units will be put into the data base.
The Geographic Information System will then provide the land use
composition of each watershed, county and district in acres, hectares and
percent in a tabular form.
Data Presentation
Maps
(1) 1:250,000 Minor Watershed Maps
Approximately 33 l:250,000 maps will be produced indicating the
land use composition of each of the minor watersheds within the
Canadian portion of the Great Lakes Basin. On each map will be
shown the boundaries of minor watersheds in the Basin. Within
each basin will be a graph indicating the percentage land use
composition of the watershed. These maps will be produced in
black and white to enable easy reproduction.
(2) i:500,000 Major Watershed Maps
Two maps will be produced, one for the northern part of the
Canadian portion of the Great Lakes Basin and one for the
southern part. The maps will be printed in two colours: black
and red. The land use information by perCent composition will
be indicated by a graph inside or near each watershed.
(3) 1:500,ooo County Maps
Two maps will be produced, one for the northern part of the
Canadian portion of the Great Lakes Basin and one for the
southern part. The land use information will be shown by graphs
indicating percentage located in or near each of the counties
and districts in the Basin.
Tables
Accompanying the printed maps will be tables indicating the land use
composition of each of the minor and major watersheds, lake basins, counties,
districts and regional municipalities in the Canadian portion of the Great Lakes
Basin. The tables will show the land use composition in hectares, acres and
percent.
  
   
 
United States


















































































































































































































(1) County maps. Major land uses will be shown in colour for all
U.S. counties in the Great Lakes Basin as defined by the mappin
system developed by the Great Lakes Basin Commission. ‘
(2) Subarea maps. Coloured maps of land use by counties will be
aggregated to form land uses in each of the 15 planning subareas
defined by the mapping system developed by the Great Lakes Basin
Commission.
Tables
(1) Land uses will be tabulated by county, I) as percent of total
land in the county, and 2) as total area of each land use in the
county in both metric and English units of measurement.
(2) Land uses will be aggregated in the tabular format specified in
(a) for each of the 15 planning subareas in the Great Lakes Basin.
(3) Land uses will be aggregated in the tabular format specified in
Phase [I -
Preparation of final report with maps, tables, and
narrative including procedures used and evaluation of
results (LARS).
Data Presentation
(a) for each of the 5 lakes in the Great Lakes Basin.
PARTICIPATING AGENCIES
Canada - Environment Canada (Canada Land Inventory)
- Energy, Mines 8 Resources Canada. (Canada Centre
for Remote Sensing)
- Ontario Ministry of Natural Resources
United States - Environmental Protection Agency



























































































Great Lakes Basin indicated in Appendix Ill-2.



















































to be carried out by Chrysler-Latham Associates
under
contract to Environment Canada.
Data Collection







































































































































































































Deep Well Disposal Sites
Personnel
in the Waste Management Branch, MOE have recently
completed a report on the location of all deep well disposal
sites. Therefore, only changes in format will be necessary
for the compatible presentation of this data with other
specialized land use information.


























































compatible with other specialized
land use
information.



























i) Nottawasaga River Basin
ii) Saugeen River Basin
iii) Niagara Peninsula























































































































































(7) High Density Non-Sewercd Residential Areas
This specialized land use class will include year—round or full-
time residential areas, as well as seasonal or part—time
residential areas where possible. At this time, no government
agency has collected comprehensive information on sewered versus
non—sewered residential areas; therefore, information must be
obtained from a variety of sources. This data must be reduced to
a common denominator before final presentation.
(3) Past and Present Mining Activities Including Tailings and
Slag Deposit Areas
it is believed that data on these areas will be available from
the Ministry of Natural Resources and possibly from the Regional
Offices of the Ministry of the Environment.
Data Presentation
Data to be presented in tabular and cartographic form with data aggregated
on political (county) and drainage basin (watershed) basis. All cartographic presen-
tations will be on black and white line maps of scale i:250,000.
United States
This activity will be undertaken by the Great Lakes Basin Commission (GLBC)
through a contract with the U.S. Environmental Protection AgenCy.
Data Collection
The GLBC will send a questionnaire to the State and local areas through the
State members of the Reference Group on Pollution of the Great Lakes from land use
activities. The questionnaire will require that data in this category be spotted on
GLBC maps, that data will be supplied in tabular form, and that relative descriptive
narrative be supplied. GLBC will also make use of data collected for its Great Lakes
Basin Framework Study.
Data Presentation
The GLBC will organize the information collected in report form. The
report will include a narrative and data presentation by county, planning subarea,
lake drainage, and Great Lakes Basin drainage both in graphical and tabular form.
For detailed output see Appendix III-3.
 
 PARTICIPATING AGENCIES






























































































































































ACTIVITY 3 - Physical Fabric
 
The objective of this activity is to provide background information and
data on the physical fabric of the Great Lakes Basin with a specific slant toward
land drainage/water quality relationship and to provide a detailed description of
the Basin in terms of climate, population and socio-economic conditions,-etc.
METHODOLOGY (Canada and United States)
In the U.S. this activity will be undertaken by the GLBC through a contract
with EPA. Assistance will be required from the SCS. In Canada the Ontario Ministry
of Natural Resources will take prime responsibility for this activity.
Data Collection
Data on the following parameters will be collected from various agencies,
collated and synthesized to produce descriptive narrative maps and tables.
- soils (in Canada - includes soil capability)
- geology
- geomorphology (topography)
- hydrology (Canada - includes watersheds and man made impoundments)
- climate (includes rainfall—runoff)
- tributary stream description (Canada - includes major migration
routes of sports fish)
- geography (broad vegetation zones, wildlife)
- mineral, oil and gas resources
- population (Canada - includes land ownership)
— economic activity
Data Presentation
The report will include a summary narrative and statistical data
presentation by county and watersheds or drainage area. (Also planning subarea for
U.S. data).
PARTICIPATING AGENCIES
Canada - Ontario Ministry of Natural Resources
United States - Environmental Protection Agency

































































































ACTIVITY 4 - Material Usage
This activity will provide an up-to-date inventory of production and/or
usage within the Great Lakes Basin of certain materials applicable to land with
the potential of reaching the Great Lakes System through land drainage.
METHODOLOGY (Canada and U.S.)
Data will be gathered, collated and synthesized so as to provide
narrative, graphic and tabular information on the production and/or usage of the
selected materials by county, planning subarea, lake drainage and Great Lakes Basin
drainage on the U.S. side and on a major watershed basis (as defined by Activity BI)
0n the Canadian side- See Appendix III-4 for data collection guidelines.
Materials to be inventoried include:
(I) Pesticides (includes insecticides, herbicides, fungicides, etc.)
(2) Fertilizers
(3) Road Salts (deicing compounds)
(4) Agricultural Manures (applied to land)
(5) Agricultural lime and liming materials (U.S. only)
PARTICIPATING AGENCIES
See Appendix for data collection guidelines.
Canada - Ontario Ministry of Agriculture and Food
United States - Soil Conservation Service
- Environmental Protection Agency
(Great Lakes Basin Commission)
TIME SCHEDULE
Canada - 6 months from initiation
estimated completion date September 1974.
United States - I year from initiation






















































































ACTIVITY 5 - Future Trends
 
To identify and assess future trends in major land uses, specialized
uses, material usage, and related information which directly or indirectly
may affect the drainage of pollutants into the Great Lakes, for the target
years l980, 2000, 2020. The forecasts shOuld take into consideration various
assumptions that could be made regarding technological developments, changes
in attitude of the Basin population, and consequent policy and legal adapta-
tions. This Task will integrate with Activity 2 of Task A and portions of
Working Group A of the Upper Lakes Reference Group.
METHODOLOGY
Canada
This activity will produce projections of major land uses,
specialized land use, and material usage for the target years
indicated, by analyzing the following sectors, insofar as
these conditions affect the land or material usage and/or
directly or indirectly affect the transfer of pollutants to
the Great Lakes system.
(l) Population Trends










(b) secondary industry by major class
(c) tertiary industry by major class
(d) investment trends
( ) industrial location
(3) Institutional and Legal Structures
(a) jurisdictions
(b) legislative framework (e.g. land use control)
(c) public participation
 



























Application of alternative assumptions
to the conventional
projections will result in the production of a number of




the general direction of the
Great



































that much of the data
required will
be available from the Great Lakes Basin CommissiOn's








(I) P0pulation and Economic Activity
 








and forest production, etc.
(2) Major Land Use Classes




Canada - Environment Canada (EMS, EPS)
Statistics Canada '
- Agriculture Canada


































(Great Lakes Basin Commission)
Soil Conservation Service USDA
Economic Research Service USDA
Great Lakes States
l year from initiation
estimated completion date April l975
l year from initiation







































































Ih/tewstve Mimi/£223 06 a. small humbe/L 06 hepheAentaLéue waiwhedA,
Aeﬂeoted and conducted to pe/um‘xf some exhumation 06 data to the ewe
Gheat Lathe/s boosth and to hetate COWWOh 06 (Ma/CM quaLCty, which may be
ﬁaund at m;th mouth/5 ah the Gheax LaheA, to spec/£610. land wse/s and plum/aces.
INTRODUCTION
Watersheds have been selected for intensive studies in Canada and the
United States of America to cover a wide variety of potential sources of
pollution to the waters of the Great Lakes. The selection criteria included
climate, geology, soil characteristics, land uses, and information available
from completed or on-going studies.
Major watersheds selected for study in Canada are:
Grand River draining to Lake Erie
Saugeen River draining to Lake Huron
Wilton Creek draining to Lake Ontario (Hay Bay)
(See Appendix lV-l for map and descriptions).
Major watersheds selected for study in the United States are:
Genesee River, New York and Pennsylvania, draining to Lake Ontario
Menomonee River, Wisconsin, draining into Lake Michigan
Felton-Herron Creek and Mill Creek, portions of the Grand River,
Michigan, draining to Lake Michigan
Black Creek portion of the Maumee River, Indiana, draining to Lake
Erie, supplemented by a study in the Ohio portion of the basin
(See Appendix V-l for map and descriptions).
Agricultural and other land uses not adequately represented in the major
basins will be incorporated into the study by including additional sub-watersheds.
Information on the effect of boreal forestry operations will be derived in large
part from on-going studies of the Canadian Forestry Service in the Winnipeg River
system, to the west of the Great Lakes basin. Other on-going studies that will
contribute needed information are to be utilized, and promoted if necessary and































































































































































































































































































































































































































































































































































































































ACTIVITY l ~ Agricultural Watershed Surveys
The object of the study outlined in the following pages is to obtain data
on the inputs of pollutants into the Great Lakes Drainage System which have their
origins in the complex land use activities known as Agriculture.
The approach is intended to allow measurements to be made of the quality
and quantity of water which is known to have flowed from agricultural land and/or
Facilities. It is also intended that different types of agriculture, in different
parts of the Great Lakes basin, will be identified in relation to the water quality
measurements made. In this way, it is hoped that “agriculture” imputs can be
quantified and incorporated into the overall analysis of the contribution of
pollutants by land drainage to the Great Lakes.
SCHEDULE OF ACTIVITIES
Sub-Activity l -
Identification of factors to be utilized in the selection of agricultural
regions and watersheds within these regions (Factors A) and those to be utilized in
the selection of watersheds for detailed studies (Factors B). Factors A and B are
listed in Appendix IV- 2a. Estimated completion date September 30, I973 - Completed.
Sub-Activity 2 -
Compile and prepare existing data for the Canadian Great Lakes Basin in a
form suitable for watershed selection. See Appendix IV-2b for details of data
collection. Estimated completion date: Factors A - November 30, 1973; Factors B -
September 15, l97h.
Sub-Activity 3 -
Utilize prepared data for identification of major agricultural regions in
terms of the factors determined above. Estimated completion date December 3i, I973.
Sub-Activity A -
Select required number of Sub-watersheds to represent each major agricultural
region. Estimated completion date January 31, 197A.
Sub-Activity 5 -
Determine number of monitoring sites, frequency of sampling and type of
analyses required to evaluate the impact on water quanlity of the agriculture of each
region. Re-examine estimates of costs. Estimated completion date February 15, 197A.
_ 24 -
 




























































































































































































































































































































































regions does not occur.
Sub-Watershed Selection
Airphotos* on a scale of h in.
(or more):lm.





































































































































































































Continuous proportional sampling may be necessary on some of these watersheds.
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$ 1,6oé,ooo
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ACTIVITY 2 — Forested Watershed Surveys
On-going studies by the Great Lakes Forest Research Centre, carried out in
northwestern Ontario, will adequately serve the needs of the study with respect to
the impact of forestry activities on water quality in Precambrian watersheds with
boreal forests.
OBJECTIVES
(I) To determine the effect that various forest management practices
may have on water quality and quantity.
(2) To describe the relationship between topography, soil, vegetation
and road locations, and the incidence and severity of soil erosion.
PARTICIPATING AGENCIES
- Environment Canada, Great Lakes Forest Research Centre
TIME SCHEDULE
This on—going program will be continued through the period of the Land
Drainage Reference Study.
ACTIVITY COST
This on-going project is being financed by the Environmental Management
Service, Environment Canada at the rate of $160,000 per year. No supplementary











































 ACTIVITY 3 - Study of Pollution and the Adequacy of Controls Related to Urban Land
Development and Use, Transportation and Utility Systems, Sanitary
Landfills, Processed Organic Waste Disposal, Waste Water Lagoons and
Irrigation Systems, Land Fill, Extractive Industries, Private Waste
Disposal, and Recreational Land Use.
General Ob'ectives
I.
To determine the levels and quantities of major and trace constituents,
including nutrients, pesticides and sediments, reaching the Great Lakes
or moving in flow systems likely to reach the Great Lakes in the future
by studying
selectedoperations of the land use activities outlined
above in representative basins or areas and extrapolating the results to
provide estimates for other areas of the Great Lakes Basin.
2.
To determine the adequacy of existing control measures related to the





The study of land use practices outlined in Activity 3 will include analysis
for some or all of the following physical, chemical, biochemical and bacteriological
parameters.
The selection of pollutants to be measured in any of the individual
studies will be dictated by materials expected to be found associated with the land
use activity.
Microbiological
Total and fecal coliform, fecal streptococcus.
Physical




(a) BOD , COD, dissolved oxygen, nitrogen fractions, total and soluble
phosphorous, chloride, alkalinity, sodium, potassium, calcium,
magnesium, sulphur, arsenic, iron, copper, lead, zinc, chromium,






























(b) Pesticides, NTA, PCB.
Specific Land Use Study Plans
Urban Land Development and Use
 
This study will determine the significance and magnitude of material
inputs from municipal
land drainage.
Among the potential sources of pollution
within this land use category are storm drainage, sewage by-pass, deicing salt
Operations, construction, and runoff from industrial areas and parking lots.
Field Activities:
1974-1975
No major studies are planned for this year but events which may occur



















towns and villages with varying forms of
sewerage systems to small




























be dictated by the particular

































































































No field work is anticipated for this year. All efforts will be devoted
to data interpretation and report writing.
The agency primarily responsible for this study is the Ontario Ministry
of the Environment.
Transportation and Utility Systems
 
The purpose of this study is to measure the magnitude and significance of
material inputs from transportation and utility corridors (i.e. highways and roads,
railways, hydro lines, pipeline crossings, etc.) under the two categories (i) maintenance
and (ii) construction.
Surveillance of the maintenance programs will include winter
deicing and sanding operations and summer dust control on highways and roads, the use of
herbicides for weed control along roadways and hydro corridors, etc. Construction
programs are for the most part short-term events (e.g. pipeline crossings, bridge
construction, etc.) which may cause some water quality impairment during and shortly




No major studies are planned for this year but events which may occur within
the pilot basins and could provide useful information will be investigated.
The selection of sites for investigations during 1975-76 and 1976-77 will be
made during this year. '
l975—1976
(i) Highway and roads a) construction - one major crossing
- one smaller (routine) crossing
b) maintenance - one highway (summer 8 winter)
- one unpaved roadway (summer 8 winter)
(ii) One railway crossing (maintenance)
(iii) One hydro corridor (maintenance)
(iv) One pipeline crossing (construction)
1976—1977
A similar series of projects to 1975-76 will be conducted during this year at
different sites. (Note: A major construction program initiated in 1975-76 may require






























































data interpretation and reporting.
The Ontario Ministry of the Environment will be primarily responsible for
this study.












































































































































































































































































At each site surface and ground-water samples will be taken and analyzed.
In addition soil and vegetation samples will be taken at each site before the start
of the study and thereafter at intervals and analyzed for nutrients and heavy metals.
Field Activities:
l97h'l975
Ground- and surface-water monitoring and soil-testing facilities will be
installed and operated at one site.
1975-1976
Ground- and surface-water monitoring and soil-testing facilities will be
installed at a second site and monitoring programs will be carried out at both sites.
i976-1977
Monitoring programs will be continued at both sites and additional tests of
soil or water characteristics will be made as needed.
1977-1978
Results will be evaluated and incorporated in the Task C report. The Ontario
Ministry of the Environment is the principal participating agency.
Wastewater Lagoons and Irrigation Systems
Selected waste-water lagoons and irrigation systems will be studied as needed
to augment information available from inventories and on-going studies to determine the
significance of pollution loads from municipal and/or industrial disposal systems.
Field Activities:
1976-1977
Ground-water and surface-water monitoring facilities will be installed and
detailed monitoring programs commenced to assess the movement of pollutants from waste-
water lagoons and irrigation sites.
1977‘1978
Monitoring programs will be continued and additional monitoring stations
installed at existing or new study sites. The first year's results will be assessed
and incorporated in the main Task C report.
The Ontario Ministry of the Environment will be responsible for this study.
Land Fill
The purpose of this investigation is to determine the effects of land fill
activities (i.e. reclamation) on water quality within river basins.
   
Field Activities:
l974‘l975
No field activities are planned for this year.
19754976 and 1976-1977
One land fill or reclamation Operation will be studied within an Ontario
river basin during each of the two study years.
If possible, two entirely different
types of reclamation operation will be studied (i.e. rubble vs. sand, silt, or clay
fill).




This study will be undertaken to determine the effects of land-based extra-
active operations (quarries, pits, mines, etc.) on water quality.
Note:
Dredging of river beds is not included but this activity is being adequately




No field activities are planned for this year but areas for study during
1975-1976 and 1976-1977 will be selected.
1975-1976 and 1976-1977
Two extractive Operations will
be studied
in each of the two years.
If
possible, one study each year will
be from an operation with a treated discharge and
one from an
extractive operation with uncontrolled discharge.
l977‘1978
No field activities are planned for this year.
Efforts will be devoted to
interpretation of data and report preparation.
The Ontario Ministry of
the Environment will











in various areas of the Province.





























municipalities or densely developed recreational areas in the Precambrian Shield and
other areas of shallow overburden. Other studies are planned in municipalities with
no organized collection systems in south-western Ontario. Radioactive tracers and
other methods will be employed to determine the movement of contaminating materials
from private waste disposal systems.
Field Activities:
1974-1975
Studies in some of the areas outlined above will be initiated this year
probably in the Precambrian area.
1975-1976, 1976-1977 and l977-l978
Studies will continue at a reasonably constant rate throughout these years
with the areas of study expanded to other typical areas of Southern Ontario.
While it is not expected that all field studies will be completed in time
for the final report, it is expected that many of the investigations will be a
completed and included in the report.
The principal investigating agenCy involved with this study is the Ontario
Ministry of the Environment.
Recreational Lands
The purpose of this study is to measure the effects of recreational land
use (day parks, camp sites, trailer parks, etc.) on water quality.
Field Activities:
1974-1975
No field activities are planned for this year but site selections for
1975'1976 and 1976-1977 field activities will be made.
l975‘1976 and 1976-1977
Each year one of each of the two following types recreational areas will
be studied.
(i) Densely populated camp ground or trailer park.
(ii) Day park with facilities for picnicing, etc.
    
    



















































   













ACTIVITY 4 - Water Quantity and Quality Monitoring Framework
The objective of this activity is to determine the levels and quantities
of major and trace constituents, including nutrients, pesticides and sediments
reaching the Great Lakes or moving in flow systems likely to reach the Great Lakes
in the future by sampling surface and ground waters and operating streamflow gauging
networks.
The monitoring program will be intensified in the three pilot basins and
other areas of the Province where land use activities are being studied.
This
program will provide the framework for studies of pollution attributable to various
specific land use practices.
The monitoring program will be devided into two principal functions.
The
larger program which is being identified as the “Extensive Surveillance Network“
will comprise a number of semi-permanent ground-water and surface-water quality and
quantity measuring stations.
The exact number of stations and their locations will
be dictated by the various individual
land use studies.
Sampling frequencies and
water quality analysis will also be governed by the individual land use activities
(seasonal changes due to management practices, weather, etc.).
The second function called the l'lntensive Studies Program“ is basically a
series of short-term (24-96 hour) investigations in river basins to complement
individual
land use studies underway at the same time or to provide detailed infor-
mation where on-site investigations are not practical or possible.
The length of
each study, sampling frequency, sampling locations, parameter selection, etc. will be
dictated by the land use under study.
It is intended
that at
least two such studies
be carried out at each site under different climatological conditions or at times





Extensive Surveillance Network - A number of key surface and ground-water
monitoring stations will be established to assist in the identification of signifi-
cant agricultural and other land use activities.
As the exact areas for land use studies are identified, monitoring locations
will be asseSSed and all pre-operational activities will be undertaken to make the
stations functional by early 1975.
intensive Studies Program - A number of intensive studies dealing primarily
with ground-water will be undertaken this year to assess individual land use practices.
These are generally long-term studies which must be initiated this year for inclusion
in the final report.
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 1975-1976 and 1976-1977
Extensive Surveillance Network - All stations in the network will be in
Operation for the 1975 spring runoff and will continue through the spring of 1977.
Although there may be some changes at some locations, it is expected that the number
of stations and sampling frequency will remain fairly constant through this period.
Intensive Studies Program - This program will be in full operation in
1975 and it is expected that 20 to 30 individual intensive studies will be conducted
in each of the two years.
1977-1978
Extensive Surveillance Network - It is expected that activities in this
program will be reduced to about 50% of the 1975-77 monitoring program. Sampling
will concentrate on “hot-spots” or areas where insufficient information was
accumulated, for various reasons, during the 1975-77 study period.
Intensive Studies Program - Studies in this program will be reduced to
about 33% of the 1975-77 activities. As in the Extensive Program, studies will
centre in llhot-spots“ or areas requiring further study.
The Ontario Ministry of the Environment is principally responsiblefor
the maintenance of this activity-
ACTIVITY COST









































ACTIVITY 5 - Laboratory Support for Water Quality Monitoring, and Pollution-
Source Studies
Laboratory support is to be increased significantly to meet the require-
ments of the water quality monitoring program and surveys of pollution sources.
Several Ontario and Canadian laboratories will carry out the analyses.
Analytical
methods and results are to be reviewed by a Methodology Task Force representing
laboratories in Canada and the United States to ensure that the results from the
various laboratories are comparable.
PARTICIPATING AGENCIES
Agriculture Canada, Ontario Ministry of Agriculture and Food, Ontario
Ministry of the Environment.
Laboratory facilities of other agencies may be utilized.
ACTIVITY COST
The costs of laboratory services have been distributed to the various
monitoring and survey programs.
-40..
  
ACTIVITY 6 - Riverbank Erosion Surveys
_ Riverbank er05ion may represent a significant contribution of sediment
to the Great Lakes. it is intended to measure the quantity and quality of eroded
streambank material. The erodibility will be identified in different parts of
the Great Lakes basin in relation to soil groups, climate, and river morphology.
It is expected that streambank erosion inputs can be determined and incorporated
into the overall analysis of Great Lakes pollution.
METHODOLOGY
(a) Preliminary phase of study
 
In the preliminary phase, extensive, typical and/or unique streambank
erosion regions should be identified in the Great Lakes region. It is expected
that about 20 streambank erosion regions can be identified from inspection of
soils and river morphology.
A streambank erosion region is defined as an area of similar streambank
soils in the same river morphology and climatic zone.
(1) Soils - Grouping of streambank conditions considering soil profiles,
grain size distribution, ground water conditions and other parameters
which will reflect the erodibility of streambanks.
(2) River morphology - The morphology of rivers has been grouped where
possible with respect to flow, slope, meander pattern and channel
cross-section to determine the effect on streambank erosion.
(3) Climate - The lower degree-days, higher snowfall, rainfall and
runoff in the central uplands is considered in contrast with the
climate at lower elevations, and more influence from the Great Lakes.
Data collection should proceed until sufficient data are available to
evaluate the relative contribution of each streambank erosion site to the water
quality of the stream.
(b) Detailed phase of study
The data from the preliminary phase of the study should be evaluated.
The data should indicate those streambank erosion regions from which
significant quantities of pollutants are discharged into the Great Lakes. The





































The streambank erosion study will rely on measurements made at the
erosion sites, and the physical and chemical analyses of the streambank by means
of boreholes. The sampling intervals would be frequent during high flows and
heavy rains. Approximate flow rates should be determined by means of level




Ontario Ministry of Natural Resources
SCHEDULE OF ACTIVITIES
Identification of factors required in the selection
of streambank erosion sites.
Compile and review existing data, select
representative streambank erosion sites, and
determine monitoring program and cost estimates for
preliminary phase of study.
Install instrumentation, monitor, assess relative
significance of each erosion area and determine
monitoring needs for detailed phase of study.
Install instrumentation at new monitoring sites.
Conduct study until sufficient data have been
collected to assess relative significance of each
streambank erosion area and assess effects of
streambank protection techniques.
Prepare final report and recommendations
ACTIVITY COST
Ontario Ministry of Natural Resources . . . . . . .
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Target Date







. . . . . . . . . . . $ 120,000
 ACTIVITIES - UNITED STATES
 
GENESEE RIVER WATERSHED STUDY
Because of previous experience, a great variety of land uses, and an
extensive existing base of data in the Genesee River Basin, it has been selected
as one watershed to be studied as part of the [JC Program.
Facilitating studies on the Genesee, New York State has maintained
water sampling stations in the area and has collected historical water quality
data; and the U.S. Geological Survey has maintained stream gages on the river
since at least l935 and on its tributaries since l9h5.
The Genesee River possesses a wide variety of industrial and agricult-
ural enterprises which discharge hazardous substances. The possibility of
transport spills is also great and could be profitable exploited. Records of
stream flow and some historical water quality data are available. The State
district health and environmental conservation offices are located nearby and
have personnel familiar with the area. An EPA sampling station for the materials
balance aspect of IFYGL was located at the mouth of this watershed.
OBJECTIVES
(l) To measure the ambient concentration and loading rates for
various pollutants that occur with given land use types.
(2) To determine the effects of the geophysical and geochemical
nature of land on ambient concentrations and loading rate.
(3) To derive information on the mechanics of transport and
storage-of pollutants in a large stream system.
(4)
To develop a model for the abOVe relationships so that the
information derived can be utilized in a predictive sense and
extrapolate to other watersheds.
METHODOLOGY
The overall plan of the study is as follows:
(i)
Develop a conceptual model of occurrence and transport of
pollutants* in the Basin.
(2)
Quantify the model to the extent possible utilizing existing
data not only
from the Genesee River Basin,
but from studies



































































Develop and implement a sampling network to provide data for final
model verification.
(4)
Develop and carry out intensive detailed studies in those areas
where insufficient data
ciently understood.
(5) Verify the model.






be coordinated with other
IJC study programs.
Data and infor-
mation from other programs will
be
integrated














(1) IJC Land Drainage Reference
Group Task C Technical Committee
(2) Environmental Quality Research
Unit, New York State Department
of Environmental Conservation
(3) Cornell University
(h) Division of Laboratories and
Research, New York State
Major Functions
Overall study direction and coordination
with other IJC watershed studies, standardi-
zation of field and laboratory methods.
Selection of parameters to be studied.
Coordination with other lJC studies, develop-
ment of sampling station network program,
overall project management, detailed project
direction, model development, coordination of
special studies, field sampling, overall data
analyses, development of field instrumentation,
development of point source and other pertinent
field data, special studies as appropriate,
preparation of final report.
Detailed project development, model develop-
ment, data evaluation, project evaluation,
sediment studies, special studies as
appropriate.
Development of field instrumentation, develop-
ment of laboratory methods, laboratory
analysis, studies on biological interaction and








Sediment studies, geochemical analysis,
geological and geochemical data inter-
pretation.
(S) New York State Department of
Education, Geological Survey
(6) U.S. Department of the
Interior, Geological Survey,
Albany District
Hydrology of basin, flow measurements,
precipitation measurements, time of travel
studies.
Intended Use of Output
The primary use of the outputs of the study will be to answer the questions
given to the Land Drainage Reference Group by the International Joint Commission
concerning the effect of land use activities on the international waters of the Great
Lakes.
The study will also provide valuable data and information for use by the
State in implementing Sections 20l, 208, 303, 305 and 31“ of the Federal Water Quality
Act. In order to properly implement these sections, the following questions regarding
non-point source pollution must be answered.
What is the impact of non-point source pollution on in-stream water
quality?
How does non-point source pollution originate?
When and in what quantity does it reach the stream?
How is it transported in the stream?
How does it affect the assimilative capacity of the stream in relation to
non-point sources?
TIME SCHEDULE
It is estimated the project will take A years to complete with an estimated
completion date of December I977.
ACTIVITY COST
Supplementary requirements are $l,326,500
Federal Agencies $l,326,500
State Agencies 3 397,600
TOTAL $1,724,100


















































the Menomonee River water-
shed for intensive study under the lJC project.
Not only is the watershed highly
urbanized--approximately three-fourths of the land
is in some type of urban use--
but the watershed and contiguous
lands contain a full
range of urban uses
including





and a considerable amount of
land devoted to transportation facilities.
The high
degree of diversity of urban
land uses
in this watershed
is reflected by the
existance of combined and separate sewer systems.
A dynamic dimension is added by
the rapid development
occurring












watershed stems from the proposed plan to remove all municipal
point sources of
pollution by 1976, at which time, the effects of





































be used to extrapolate the effects of urban





















































































































































































































































































necessary to enact and enforce sediment control
ordinances




















County) of the Menomonee River watershed.
lJC-LDRG program to obtain maximum results with a minimum of overlap.
This project will be coordinated with the
A substantial
savings in the monitoring costs of both projects will be realized by using the same






To determine the levels and quantities of major and trace constituents,
including, but not limited to nutrients, pesticides and sediments
reaching or moving in flow systems likely to reach Lake Michigan.
To define the sources and evaluate the behavior of pollutants from a
metropolitan complex with particular emphasis on the impact of
residential and industrial, including utility facilities, transpor—
tational, recreational, agricultural and constructional activities
associated with rapid urbanization.
To develop the predictive capability necessary to facilitate extension
of the findings from the Menomonee watershed study to other urban
settings, leading to an eventual goal of integrating pollution imputs
from urban sources to the entire Great Lakes Basin.
Select critical water quality constituents that Could affect Lake
Michigan or other lakes.
Select catchment areas that are representative of the forms of land
use activities of particular interest to the study.
Design a land use/water quality model that permits utilization of
study findings for determination of pollution loads from selected
and generalized land use practices.
Develop and conduct an integrated water quality monitoring program
utilizing standardized procedures (Task C Technical Committee) for
the collection, storage and analysis of samples.
Analyze
field
information on a continuous basis
to determine the






will be employed to refine and extend the basic information collected
in the continuous monitoring activities.
Refine and test the applicability of the land use/water quality model






















































in cooperation with other studies
sponsored by the IJC under Task C.
PARTICIPATING AGENCIES
The Wisconsin Department of Natural Resources, the University of Wisconsin
and the Southeastern Wisconsin Regional
Planning
Commission constitute the three lead
agencies or organizations




































































































Wisconsin Department of Natural Resources (WDNR)
The University of Wisconsin System Administered Through the Water
Resources Center (UW-WRC)
Southeastern Wisconsin Regional Planning Commission (SEWRPC)
Principal Functions
Organization and management of the project study plan
Provide background inventories on land use activities and
forecase information (principally SEWRPC)
Water quality monitoring activities (principally WDNR)
Identify and select research projects
Coordination of selected research (principally UW-WRC)
Conduct of specific research
Development of the land use water quality model
Preparation and processing of reports
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 Special Service Organizations
Soil Conservation Service
Provide background soils data
Participate in the selection of monitoring stations and analysis
of sediment data
Wisconsin Geological and Natural History Survey
U.S. Geological Survey
Jointly participate in selection and operation of stream flow and
sediment yield monitoring stations, determine variations in surface
and groundwater flow and assist in the analysis of geologic and
soils data relative to water quality
National Oceanic and Atmospheric Administration
Participate in the selection, installation and operation of pre-
cipitation monitoring stations and assist in the preliminary
analysis of precipitation data
Others
Because of the deversity of talent required in this major effort,
several more units will be actively involved in the study
Intended Use of output
The primary use of the outputs from this study are related back to the
objectives and
the questions put forth
in the Great Lakes Water Quality Agreement.
In addition to providing answers to the Land Drainage Reference, the study
will
also aid
the State of Wisconsin
in
implementing portions of Section 303 and 305
dealing with
non-point sources and














It is anticipated that program will take four years to complete.
The









































The total supplementary request in this program is $2,l29,7hh. The
proposed budget and schedule of activities is attached as Appendix V-3b. It
is proposed that the Wisconsin Department of Natural Resources be designated as
the principal agency for purposes of administration of the project. The Wisconsin
Department of Natural Resources will subcontract to the other agencies as per the
attached budget. A more detailed budget will be developed for purposes of the final
project study plan and associated contracts which will be let.
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The general purpose of the special subwatershed studies prOposed for
the State of Michigan is to evaluate land drainage from agricultural or other
land uses not adequately represented in the other U.S. Watershed Studies. The
two selected for inclusion will significantly extend the resolution of the
impact of unique land uses to streams tributary to the Great Lakes.
The Michigan subwatershed studies have been subdivided into six (6)
basic tasks. The purpose and output of each task is as follows.
TASK 1. Waten Batance Studteb 601 the Fe£t0n-Heanon Cheek Watetbhed
The purpose and output of this task is to measure those elements of
the hydrological cycle on a well defined watershed receiving land application of
municipal wastewater so that runoff hydrographs can be predicted by knowing such
input variables as hydraulic loading rates, frequency of irrigation, soil and
vegetative covertype, slope, wastewater quality and climate. The purpose of this
activity is to:
(i) provide investigators of the other tasks with baseline water
balance data in order that they may accurately assess the
effectiveness of alternative irrigation strategies and
accurately characterize the movement of those materials that
move from land with water; and
(2) provide predictive information on water runoff from hydrauli-
cally stressed watersheds to permit extrapolation of these
data to other wastewater irrigation sites in the Great Lakes
Basin.
Currently, a variety of hydrological models exist to simulate runoff
from watersheds, but none have been altered, calibrated or verified to account for
watersheds experiencing the stresses imposed by long-term wastewater irrigation
activities. The output of this task will satisfy these important information gaps
and, from a hydrological standpoint, identify the best land management practices
to use in other liquid waste irrigation sites in the Great Lakes basin.
TASK 2. Sotﬁ, Nutttent and Vegetatton Monitontng don the Fetton—Heaaon Cheek
wateAAlﬁﬂf
The general purpose of this task is to establish design and management
criteria for the operation of liquid waste disposal areas taking into consideration
the quality of the out-flowing water and longevity of the soil-vegetation system.
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 In this activity, the dominant materials of concern will be (I) organic carbon
compounds, (2) compounds of phosphorus, (3) compounds of nitrogen, (4) heavy
metals and their compounds, and (5) mobile sediments. Information obtained on
the diverse soils of the Felton-Herron Creek Watershed, coupled with the land
management-irrigation demonstration activities now underway and proposed for
this site, will provide an opportunity to develop a list of management recommend-
ations that will relate directly to the quality of water draining the majority
of land wastewater irrigation sites in the Great Lakes basin. The specific
objectives of this task have been developed in light of state agency needs to
formulate site selection criteria and design and management manuals for waste-
water irrigation programs.
This task is tightly coupled and coordinated with
the hydrological studies proposed for Task l.
TASK 3.
Mtcnabtoﬁogﬁcat Monitoning 60% the Feﬂton-Heaaon Caceh WatehAhed
The purpose is to measure the extent of bacterial and viral transmission
into and through a controlled wastewater irrigation system.
The general goal
assigned to this task is to determine the relevant variables governing the move-
ment and attenuation of pathogenic micro-organisms in soil-water systems.
This
task will be part of an ongoing program evaluating the more important enteric
pathogenic bacteria, including Salmonella, Shigella, Escherichia and Leptospira




The total scope of these studies now underway at Michigan State
University include microbiological monitoring in the secondary waste treatment
plant and artificial lake system that were constructed to accompany the Felton-
Herron Creek irrigation system.
Movement of pathogens into the groundwater and
attenuation of pathogens at downstream points in the receiving stream will
constitute a major aspect of the monitoring activities.
TASK h.
In-Stneam PnoceAA Studieb
601 the Feﬂton-Heaaon Cheek Watenbhed
The purpose of this








be studies focused on
the movement of toxic materials
into and
































concentrations of the critical
pollutants at points downstream from the
liquid
irrigation system coupled with





































TASK 5. (Mate/z. Battinth Statue/3 don. the, MM C/welz alum/ted
The purpose of this task is the same as that for Task 1 with the
exception that data will apply to fruit orchard practices rather than land
irrigation practices.
TASK 6. (Ha/CM 9&ng and Sod Mom/toung Studtezs 60/1 the MM Cheek (Maze/wheel
The purpose of this task is to characterize the dynamics of pesticides,
herbicides and nutrients in a typical fruit orchard watershed and establish
management criteria to minimize the runoff of polluting materials. Sampling will
be scheduled to show the lateral and/or vertical movement of pesticides, herbi-
cides and nutrients in the soil and the transport rate to the receiving stream.
Since previous studies on similar watersheds demonstrate a tight coupling of
pesticide movement with soil movement this aspect will be given high priority.
The soil, climatic, and cultural similarities of the Mill Creek watershed to
other orchard areas in the Great Lakes basin will provide for good extrapolation
of data to other areas.
METHODOLOGY
Foam—He)an C/Leeiz Submith Stud/(12,6 (mm 1 iii/Lough 4)
As part of the study plan for the Felton-Herron Creek Program, Michigan
State University investigators will look in detail at the entire cycle of water
reaching the land, its modifications while on the land, and the quality of the
water and associated materials as they leave the land and enter the receiving
watercourse. The physical facilities now available for this study are uniquely
suited for an in-depth evaluation of liquid irrigation sites.
The facility, covering approximately one square mile, constitutes the
majority of a well defined watershed and includes a diverse array of soils quite
typical of the Great Lakes states. Conceptually and from an analytical viewpoint
this area represents a microcosm for most land irrigation sites in the Great Lakes
basin.
Available will be flexibility in stressing the spray irrigation site
with an array of water application regimes and water qualities, ranging from almost
continuous application to no application above that of natural rainfall. Quality
can be varied from that of a poor quality secondary effluent to application of
water treated to high purity and low solids concentration. Under this system,
nearly all of the recognized types of application of water to land can be evaluated
with concurrent measurement of stress effects. Included would be the response of a
 broad array of vegetative types, rate and quality of runoff from these vegetative
types, effectiveness of different soils, and effects on macro and microclimate.
The transport of water through underground systems can be measured on both tiled
and untiled areas.
Through a series of 64 monitoring wells (now installed) it
will be possible to thoroughly characterize vertical and lateral water dispersion.
in addition, the chemical constituents of the applied water can be traced through
the soil mantle and on into the entrance to the potable water aquifer or as it may
be discharged in the form of springs to the nearest watercourse.
The public health aspects of runoff and groundwater will be examined in
detail.
Programs now underway have already perfected a variety of virus isolation
techniques and these are now
being applied to surface and groundwater in the area
for necessary background information.
Within the Felton-Herron Creek watershed are two well defined micro-





in a larger system would
be
impossible




to conduct detailed analyses of



























































































































































































































































































































































































































 POTENTIAL STUDY PARTICIPANTS
The detailed study plan for the Michigan Subwatershed Studies will be
finalized in cooperation with three principal groups:
(I)
the Michigan Depart-
ment of Natural Resources, (2)



















from Michigan State University.
It is proposed
that a Michigan coordinating committee be developed to
serve as
liaison between the principal




















































































































































































































































































































































































































































































































































































































































      



























 Informal support has been solicited from the lngham County Drain
Commission where a strong computer program has been developed around the
Hydrocomp Model.
The Grand River Watershed Council has been actively assembling
water chemistry data and physical data for the larger watershed which receives
the drainage of the Felton-Herron Creek watershed.
Michigan State University
investigators are making use of their facilities and data input.
The adjunct
chemical analyses are being developed within Michigan State University labora-
tories to take all possible advantages of autoanalyzers and automatic processing
chemical analyses.
The proximity of
the project to the central
offices of the state
government




facility on a major university campus assures












On the Mill Creek subwatershed county extension personnel from Michigan





























include the number of acres, and pounds per acre for 34
currently used pesticides.




























































































































































































































































































reuse. There are numerous examples of wastewater systems based on land disposal
and the uptake of nutrient materials by plants and animal associations. In this
way they can be converted into useful products, or in the case of heavy metals
they can be converted into forms that can be stored in such a way as to prevent
them from eventually reaching our lakes and contributing to their degradation.
It is believed that the use of land and natural ecosystems to reCycle
and reclaim the elements of our wastewaters will find widespread acceptance to
the point of becoming an important adjunct in the treatment of domestic wastes
in the Great Lakes baSin. Because of the potential of this method, as well as
the array of unknown factors associating with its use, land disposal of wastes
in all of its ramifications must be subjected to thorough evaluation of all
known facets in a critical and searching manner.
With this information a decision on disposal of wastewaters on land
with its new and different techniques can be established on the sound scientific
basis. Thus, we can avoid management practices that might prove, in a few years,
to have jeopardized water resources or land ecosystems to a point that they
might become irreversible within the lifetime of the present generation.
The single most tangible output for the proposed studies will be a
series of land-water management recommendations to help reduce the runoff of
pollutants from liquid irrigation sites and fruit orchards. The immediate
application of these recommendations will probably be at the state level in their
formulation of site selection and management guidelines for liquid irrigation
sites. Many waste irrigation sites have been operating within Michigan for many
years but monitoring programs have been rare and useful management data are lacking.
The single largest irrigation site is located in Muskegon County and full operation
will begin this year. Monitoring programs are underway at this site and are being
conducted by investigators from both Michigan State University and the University
of Michigan. At the present time it is likely that members of the Michigan State
University evaluation team for the Muskegon Program will be involved in Task 2
of this proposal. Other potential investigators of Task 2 have ongoing evalua—
tion studies in other liquid waste disposal areas in the state. These complemen-
tary studies will provide an important data base to test and verify the
recommendations that are generated from the intensive studies on the Felton-Herron
Creek area. Perhaps more importantly, the day-to-day interaction with a critical
mass of highly competent investigators with wide experience in other waste
irrigation sites in Michigan will bring a broad perspective to the proposed study






































































































































































































































































































































































































Suppﬁem Orbital: Fund/s Requ/Uted
 
Total supplemental funds in the amount of $l,002,500 over the duration
of the proposed study period will be required. Breakdown of these funds by task
are shown in Appendix V—h,
Budget Jubtiﬁtcation
There is a high congruence between the objectives of the two ongoing
subwatershed projects in Michigan and objectives set forth in the lJC agreement
as detailed in the Land Drainage Reference Group Study Plan. The primary
difference between ongoing programs and the IJC Study Plan is that of completion
date. in order for the ongoing programs to complete the objectives before the
1977 target date it will be necessary to significantly increase the intensity of
current studies. Since the success or failure of field studies are highly
dependent on uncontrollable phenomena, especially the stochastic nature of climate,
it is difficult to achieve statistical significance of conclusion based on data
taken over a two year period, when the initial sampling design called for at least
five years of observation. Thus, to achieve an acceptable degree of confidence in
data obtained within the limited time span of the proposed study it will be
necessary to markedly increase sampling frequency, increase the number of sampling
stations, enlarge the support staff, and increase the amount of analytical hardware.
In addition, certain field equipment items not currently installed will have to be
provided.
The largest single budget item in the proposed study will be for salaries
of Research Associates (4), Technicians (5), Research Assistants (10), and hourly
labor (5). This will amount to approximately $500,000 over the budgeted period,
plus approximately $300,000 in indirect costs.
Cost sharing by Michigan State
University, however, will contribute about $470,000 in the form of faculty time.
Additional equipment items include three wiers (or flumes) for unguaged reaches of
stream, an additional weather station, automatic water samplers and field lysimeters.
The cost of these totals approximately $80,000 and will be purchased during the first
quarter of the study period.
Budge/t B/Lealzdown by Pail/téc/épaxtt'ng Gnoup
With the exception of time contribution by the U.S. Geological Survey and
their possible involvement in the installation of guaging stations the expenditure
of supplemental funds will be undertaken by Michigan State University in cooperation




 MAUMEE RIVER WATERSHED STUDY - OHIO SUPPLEMENT
 
With the increasing public concern over water pollution, many questions
are being asked as to the relative contribution of agricultural land as a source
of chemical
nutrients,
partiCularly nitrogen and phosphorus, and
sediments as
possible pollutants


























































































































































































































































































































































































































































































































However, little reliable quantitative data are available on the actual
losses of fertilizer nutrients and sediment by surface runoff from agricultural
crOpland in the Maumee Basin. This is partially due to the lack of concern in
the past on erosion or runoff losses On these soils due to the relatively level
topography. Data of this type are greatly needed to assist planning of invest-
ments in practical control measures as recommended.
Sediment control regulations in Ohio will use the Universal Soil Loss
Equation to determine maximum permissible sediment losses from agricultural land.
However, the equation cannot be applied to the nearly level and level heavy-
textured soils in northwestern Ohio. Therefore, it is imperative that reliable
estimates of soil loss under prevailing management practices be made so that
reasonable guidelines can be formulated.
The Maumee River Basin has been selected as one of three representative
watersheds on the U.S. side of the Basin.
The Allen County study of Black Creek
in Indiana has been selected as the primary study group for the Maumee Basin.
However, this section of the Basin represents a small percentage of the total land
area and excludes a number of the important soil types of the Basin.
For example,
about 74% of the entire Basin lies in Ohio; 17% of this area is occupied by
lacustrine clay soils which do not extend into Indiana.
Furthermore, 72% of the
total pOpulation of the Basin occur in Ohio and thus a disproportionate percentage
of the land use activities pertinent to the water quality of the Basin are governed
by the Ohio sector.
A supplemental study in Ohio will provide critical additional
information on these important soils; this information is essential for a complete
analysis of land use activities on water quality of the entire Basin.
A number of studies have already been completed on chemical and sediment
losses frOm Ohio soils in the Maumee River Basin.
It is apparent from this work
that:
(a) significant sediment




in the Basin, particularily the finer-textured
clay soils;
(b) sediment losses closely reflect climatic and cropping practices;
(c) significant
sediment losses can arise from tile drainage of nearly level tablelands as well as
from surface runoff; (d)
clay mineralogy may be used as a reliable index to
differentiate surficial sources of sediments from stream bank scour (geologic
sources); (e) suspended clay sediments in the Maumee River and tributaries reflect
clay minerals of terrestrial surface source materials in the Basin and do not change
strikingl in composition by season or discharge rate from upstream to downstream
sites; (f suspended silt sediments in the Maumee River and tributaries have
strikingly different mineralogical compositions seasonally reflecting different
stream discharge rates (surface runoff). There is evidence that secondary precipi-
tation of calcite occurs to the extent that it is the major suspended > 2 u sediment
during low flow conditions while quartz and feldspars are the predominant mineral
components during high flow periods.
This aspect could be a very important factor
in the equilibrium dynamics of soluble phosphates found in stream waters.
Particle-size, sorbtive capacity, and mineralogy of sediments are closely
interrelated and, thus, it is essential to characterize these parameters to fully
understand the role of sediments in water chemistry dynamics. Likewise, to better
_ 64 _
 define mechanisms involved in fluvial transport-sedimentation processes it is
H
necessary to characterize bottom sediments in quasi-equilibrium with stream water
and suspended sediments. Quantity of sediments carried by a stream represents
only one parameter of water quality and depending on particle-size-mineralogy
interactions may not be the most important consideration. Therefore, it is
‘
proposed that the Ohio Supplement to the Black Creek Study will provide information
Ir
of this nature to make sediment quantity data collected under the major project
more meaningful in understanding the impact of land-use on stream water quality.
Several heavy metal studies of the Maumee River Basin have been conducted
in recent years.
These include the analysis of five metals (Pb, Ni, Cu, Cr and Cd)
in limestone and dolomite, an examination of seven elements (in addition to above
Ca and Sr) in 46 streamside and acquatic plants, the determination of the concen-
tration and distribution of four elements (Cu, Pb, Mg and Zn) in water and stream
sediment in the vicinity of Lima and in the vicinity of Findley.
Areas characterized by anomalous





plating wastes, metallic wastes,
and phenolic compounds have been discharged into water courses have not been
adequately
sampled or examined.










The overall objectiVe of this













































































































































stabilities of suspended and bottom sediments.
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(5) To determine the effects of sediment type and concentration on
the levels of selected chemicals in water which subsequently
enter Lake Erie.
(6) To determine heavy metal concentrations as point sources in the
Basin and determine uptake of selected heavy metals by aquatic
plants in stream and drainage ditch courses.
(7) To supplement data collected in the Black Creek Study in
development and refinement of conceptual models to predict the
effects of land use by soil type on the load of sediments and
chemicals entering Lake Erie. The Black Creek Study will
have primary responsibility for development of the model and
data collected in this Supplement to the Black Creek Study will
be used to refine and test the model.
(i) A new research facility which is being installed at NW branch OARDC
on Hoytville clay loam will be available in Spring 197h. Eight plots 50' x 100'
will be continuously monitored for both surface runoff and tile drainage. Tillage
practices (fall-plowing, spring-plowing, fall chisel plow and no-tillage) and time
of application of fertilizer will be studied. Sediment and nutrient losses will be
measured. Sediment properties will be characterized.
(2) Up to five agricultural watersheds will be selected on Roselms,
Paulding, Latty, Fulton and Blount soils and instrumented to measure and sample
runoff. Prevailing soil plus crop management practices in the area will be used.
The soils selected are representatiVe of the Basin and except for Blount, do not
occur in the Black Creek, Indiana drainage area. Surface runoff will be sampled
throughout the year and analyzed for sediment parameters and nutrient loss. On one
of the watersheds, runoff will be measured on four different segments of the land-
scape to determine the effect of the landscape parameters on soil and nutrient loss.
(3) Soil samples from the surface horizons of the selected watersheds
and other important soil types will be taken for laboratory studies. The effect of
water quality (municipal wastewater, septic tank effluent, distilled water) on the
flocculation of soil colloids will be studied. RelatiVe dispersibility of soil
materials subjected to simulated freezing and thawing will be determined and these
results will be correlated with the mineralogy of the soil. Laboratory studies will
also investigate the adsorption and desorption of phosphate to suspended sediment
and the possible precipitation of phosphates during fluvial transport in streams.
Equilibrium dynamics of phosphate-carbonate systems will be studied in the laboratory
and related to field conditions.
(4) Suspended sediment, bottom sediment, and solution parameters will be
obtained at or just upstream from the USGS Waterville, Ohio gauging station seasonally
  
to determine the integrated effect of prevailing land use activities on sediment
and solution losses from the Basin. These data will be used to test and refine
the model developed to predict nutrient and sediment loads entering Lake Erie.
All data collected in the Ohio Supplement to the Maumee River Watershed Study
will be available to personnel of the Black Creek Study developing and testing
the transport model.
(5) Suspended sediments, bottom sediments, and solution parameters will
be obtained seasonally at the juncture of the Maumee River with Lake Erie. These
data will be compared to similar parameters collected at the Waterville gauging
station to determine the impact of Toledo, the largest urban center in the Basin,
on stream water quality.
These data will permit further modification in the
transport model for the entire Basin.
(6) Suspended sediments, bottom sediments, and stream water collected
under (5) and (6), at sites previously characterized by anomalous trace element












At these same sites
aquatic plants will




availability of these metallic species.
Agricultural
sediments will
















































































































































































































































































where is it deposited, and what is its affects?
(A) What is the relationship of the non-point source contribution



















date June 30, 1977-
£\_C_T|V|TY COST
Supplementary funding of $369,h50 is anticipated for this program. (See














































Magi/1.05M 05 the deg/Lee 06 imanLment 05 wate/L quWy
in {he Gneat
Lake/5, trio/Ludwig an MAC/SAMQVI/t 06 contaminants 06 come/m UL Aedijnenu and 542%
and uthe/z aquatic lLQ/SOu/LCQA.
ACTIVITIES (CANADA AND U.S.)
1. Assessment of shoreline erosion
2. Survey of river sediments and associated water quality
3.
Assessment of the effects of river inputs on Boundary Waters
ACTIVITY 1 - Shoreline Erosion
Shoreline erosion constitutes a major source of sediment input to the
boundary waters of the Great Lakes.
The magnitude of the input has been very
apparent during the recent high lake levels with severe land loss, due to the
recession of erodible shorelines.
In Canadian shoreline regions, in particular in the lower Great Lakes,
there has been a considerable acceleration in the compilation of detailed
assessment inventories of coastal recession. These include annual rates of
recession from aerial photography, assessment of land use and shoreline structures,
and property evaluation.
Coverage includes Lakes Ontario, Erie, St. Clair, south-
east Huron and southern Georgian Bay.
These inventories form the base data from
which the annual tonnage of eroded material can be calculated.
In addition, bluff
profiles have been established extending to a water depth of 20 metres, below
active wave base, to survey the short-term changes in the bluff profiles due to
shoreline erosion.





Lake Huron-Georgian Bay 38
The studies proposed in this study plan take advantage of these profiles
as a basis for calculating total tonnages of material
input and as a control network
for sampling.
0n the United States side, the United States Corps of Engineers has
classified shorelines of the Great Lakes, according to 10 categories of upland shore



























































































































































































































































































































































































































































































































































































































































To determine the engineering properties of the erodible bluffs
relative














investigate the mineralogy of bluff materials
to observe
stratigraphic variation,
and to relate such variation
to the engineering
properties in 4 above.
Sub-Activity 6 -
By observation of variations in the sub-aqueous profiles 0-20 meters to
calculate wave-induced sub-aqueous erosion and to determine onshore/
offshore movement of sediment.
It can be seen that the study objectives can be met by satisfactory
completion of Sub-Activities i to 3 inclusive.
However, these data alone are
insufficient and Sub-Activities A to 6 are required in order to understand the
process mechanisms involving bluff erosion, sediment transport and deposition as
they may
relate to present day protective structures, beach nourishment and
depletion etc.
Further, the Land Use Activities Reference Group is required to
submit suggestions with costing on remedial measures.
Such measures cannot be
suggested without knowledge of the process involved and costing by qualified
civil engineers will
require the data base also generated
under Sub-Activities 4 to 6.
United States
Sub-Activities l, 2
0n the basis of the Corps of Engineers classification, and with the use
of elevations and land surface contours from t0pographic maps and aerial photography,
the total quantity of shoreline sediment eroded will be calculated.
The work will
be contracted by the U.S. EPA, and will use the Lakeshore and Riverbank Erosion
portion of Task A.
Sub-Activity 3
The consultant will also be requested to formulate a study plan for
achieving the necessary data to develop Objective 2.
This study plan would involve
the locating and sampling of representative sites in the 10 categories of upland
shore area as well as defining the program necessary to calculate the effect on lake
water quality.
The field work required by this study plan will also be done by
contract between the U.S. EPA and a consultant.
 
   
NOTE
Sub-Activities #4, 5, 5 6 of the Canadian Section, Task D, Activity I, in
part, reflect ongoing work of the Canadians.
It is felt that much of this work is
applicable to the U.S. shorelines and duplication by the U.S. Section would be
redundant.
If it is determined during the course of the preceding studies that work
of this nature is needed on the U.S. side, it will be done by contract.
No estimated
costs are available and supplemental funds would probably be required.
PARTICIPATING AGENCIES
Canada - Environment Canada - (MSD) Marine Sciences Directorate
- (LRD) Lakes Research Division, CCIW
United States - Environmental Protection Agency
- Corps of Engineers (U.S. Army)
Consultants
TIME SCHEDULE
Canada - 2 years from initiation
- estimated completion date March 1976
United States -
Sub-Activities l 6 2 - 6 months
- estimated completion date June 1974
Sub-Activity 3 - 2 years




























































ACTIVITY 2 - Survey of River Sediments and
Associated Water Quality
In order to assess the contribution of compounds associated with land use
activities such as pesticides, nutrients, and heavy metals commonly associated
with particulate or suspended matter, both the quantity and quality of such
particulate materials must be determined.
Previous studies on river inputs to the
Great Lakes have resulted in the accumulation of substantial quantities of primary
data.
These data are predominantly composed of water quality parameters and flow
rates, with some information on particulate inputs.
The interpretation of these
past data, when related to new information derived from a specific river mouth
sampling program to recover and analyze solids, will provide a quantification of
materials and compounds entering the boundary waters.
The statistical evaluation of
these parameters against land use practice for individual watersheds provided by
Task 8 and the pilot watershed studies of Task C of the study plan, will enable an
initial assessment of the contributions of such practices both on the quantity and
quality of particulate compounds introduced by river input to the Great Lakes.
OBJECTIVES
(I)
To determine through sedimentation surveys, the extent of tranSport
of nutrients, selected metals, and pesticides into the lake system
based on total sediment loadings.
(2)
To determine the effect of land use practices on incoming sediment
quality.
(3)
To assess the exchangeability of these pollutants on sediments and
their present and potential impact on water quality.
METHODOLOGY
Canada
Sub-Activity I - Evaluation of Existing Data
All available data on discharges, and water quality parameters for all
river inputs selected for river mouth sampling will be compiled. Data parameters
will be machine processed for all years for which records are available to provide
the following information on individual river inputs:
(a) Monthly, seasonal and annual mean discharge rates and associated
mean turbidity values to enable the selection of optimum sampling
periods and to form a basis for the computation of total input



































































































































































































































































































































































































































































































This sampling program will be extended to include Lakes Michigan
and Erie. Data obtained during the International Field Year on
the Great Lakes (IFYGL) will be utilized for Lake Ontario and
expanded if difficulties exist.
Objective 2 will be carried out by contract with a consultant
during the third year of the Study when data become available.
The assessment called for by objectiVe 3 will bemade by a
consultant. In his assessment, he will make use of work done by
the Canadians and at the Duluth Water Quality Lab.
PARTICIPATING AGENCIES
Canada - Environment Canada - (LRD) Lakes Research Division, CClw
United States
TIME SCHEDULE
- (SOD) Scientific Operations Division,
celw,
- (MSD) Marine Sciences Directorate.
Ontario Ministry of
Agriculture and




Canada ' 3 Years, 1974/75, 75/76, 76/77
United States
ACTIVITY COST
- Sub-Activity I estimated completion date August I97h
— Sub-Activity 2 estimated completion date March 1977
2 years FY 75, 76
Canada - Environment Canada . . . . . . . . . . . . . . . . . . . . . . . . $ 275,000
— Ontario Ministry of Agriculture
and Food . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241000
$ 299,000

















































































































the significance of specific contaminants gaining access
to boundary waters as a result of
land use activities.
(2)
To establish areas which may
































































municipal water use, etc.
Sub-Activity 2 -




























































(b) biomagnification of contaminants in food chains, relating
these levels in fish to both health of fish and marketability
of fish.
'Existing information attesting to the significance of selected
contaminants will guide the development of this activity.
Sub-Activity 3 -
Carry out field surveys of selected areas of boundary waters which 1
and 2 above indicate as being potentially adversely affected. The field surveys
should determine the extent and degree of impairment of water quality and damage
to ecosystems. Assessments of residues of pesticides and other persistant
contaminants in fish will be made where warranted, based on the results of Sub-
Activity 2 and Tasks A and B. Portions of these surveys will be aimed at
determining the residues of contaminants in sediments and bench tests will be
performed to determine the availability of these materials to further invade
biological systems and to continue to lead to water quality impairment. This
information must be interpreted in the light of future trends in inputs of
contaminants which appear to have a significant impact on boundary water ecosystems.
It is important to stress that many new materials may be posing less of a hazard
at the present time than the hazard which may develOp with expanded use in the next
few decades.
Sub‘Activity h s























































source inputs at present and when projected into the future based on detectable
trends in water and land resources management (incorporating results from Task B).
Sub-Activity 5 -


























































response to climatic conditions in order to define the zone of effect.
Sub-Activity 6 -





















































































































































































































































































































































































INTERNATIONAL REFERENCE GROUP ON GREAT LAKES POLLUTION FROM LAND USE ACTIVITIES
Canada
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Mr. Robert L. Herbst
Commissioner
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State of Minnesota
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Environmental Quality







Albany, New York 12201











Dr. John G. Konrad
Supervisor of Special Studies
Wisconsin Department of Natural
Resources
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‘ 'ooos ' 000$ ' 000$ ' 000$ ‘ 000$
Task Description of Activity Agency Ongoing Suppl. Ongoing Suppi. Ongoing Suppl. Ongoing Suppl. Ongoing Suppl.
CANADA





































SUB TOTAL 34 10 ' 15 ‘ 75 ‘ 50
UNITED STATES
1. as A1 above
EPA -
50

































































LAND DRAINAGE REFERENCE GROUP
    
 
FY 7h FY 75 FY 76 FY 77 FY 7g
l973‘74 197A-75 1975‘76 1976*77 1977‘78
'

































5. Forecasts DOE - - - 25 - 50 - 20
SUB TOTAL
48.5 ' 5 ll - 50 - 20
UNITED STATES










































































































































































Waste Disposal OME 109 125 125 71
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ILAND DRAINAGE REFERENCE GROUP














































*** to be covered as part of the surveiiiance programs.
**** cost distributed among specific activities.
UNITED STATES



















































































































































































































































































































































































































































































































Total Funding - Canada




















































 Appendix II - l
IrI
CANADA - CATEGORIES ON LAND USE/WATER QUALITY RELATIONSHIPS




5. Unused, vacant or unallocated
6. Liquid waste disposal areas
7. Solid waste disposal areas
8. Land fills
9. Deep well disposal sites
10. Lakeshore and river bank erosion
11. Intensive livestock feeding operations
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QUESTIONNAIRE AND DATA MATRIX
 
Name of person and organization responding.
Date




   
  
   
   
  
I. Landuse Category (See Data Matrix)
A. Upland source areas above the river mouth.
pollution is of surface water (s.w.) ground water (G.w.) or both.
IV. Extent of Pollution, give lbs./acre, tons/milez, ppm etc. where possible.
ll. Identify the Geographical Distribution (location, number, acres etc. by county,
other political unit or drainage basin where possible).
lll. Pollution related to this landuse (see column headings on the Data Matrix).
Type of constituents.




























       
  




























Budget. Funded, Submitted for funding
Contemplated
 






























































(6.) Estimated dollars required for abatement measures to bring about compliance to





   
Remarks:
(H.) Estimated dollars required to correct existing pollution problems the source of
which cannot be attributed to present activities (problem may have developed


























































Suggestions on the Questionnaire and Data Matrix
A single set of sheets should be prepared for each land use if possible
and in the detail possible. This will help define problem types, seriousness of
problem, ongoing programs etc. that will help the Land Drainage Reference Group
formulate a study plan to be submitted to the International Joint Commission and
later after new studies are completed (1973 to 1975) to document a find report to
be transmitted to the |.J.C.
I. Land use categories - these have been identified on a data matrix and
include the following: Agriculture-cropland; Agriculture-pasture; Agricultural-
feed lots; Forestry; Urban and Industrial (including food processing but excluding
point sources such as a sewage effluent discharge); Recreation (parks); Waste
water irrigation; Utilities and Transportation (Roads, snow and ice control etc);























































































A. By upland regions we mean within surface water and ground water basins
above the mouth of a riVer entering one of the Great Lakes. It will be helpful if
you can distinguish between pollution (known, unknown, suspected) within river and
creed (s.w.) and within ground water (G.W.) that may or may not have reached a
surface stream. Also it may be possible to distinguish where pollutants entrained
in ground water will be discharged directly to the lake without reaching a river or
stream.
It may be difficult to project to 1980 and 2020 but this will be
helpful to the extent possible.
B. Lake sinks mean that pollutants have reached a lake through surface
water or ground water flow.
V. Institutional arrangements. These may be assumed responsibilities or
mandated obligations given to state or federal agencies, universities etc. They may
be nonstructured in nature (research efforts of one or more individuals within a
college or university) or may represent a highly structured program such as
regulation and enforcement.
Under A Programs do or do not exist, giving the level of funding.
Under B Programs may exist but the job is not done. Pollution may
be occurring because there is insufficient money for
enforcement, legal mechanisms are lacking etc.
Under C,D,E Distinction should be made between basic research
activities and more routine data gathering activities for
policing purposes. A brief statement of objectives and
the time frame of existing or proposed studies would be
helpful. For more elaborate research programs that may
provide significant results that can be extrapolated to
other watersheds within the Great Lakes Basin, specific

















 publications and reports etc.). This will aid in data,
  
and in attempting to identify gaps in information on
knowledge.
Under F Your group may have strong opinions about specific
research and study needs based on first hand experience
but will not be in a position to conduct these studies.
Under G Dollars required to bring about compliance means dollars
to be spent by landfill operators to collect and treat
landfill leachate, sewer authorities who must expand
their plants, etc. Costs to groups currently in
operation who must meet standards.
Under F Dollars required to correct or abate past pollution to
be done at government expense. Leaky abandoned oil and
gas wells; abandoned dumps and sanitary landfills,



































































































































































































































































b. combined sewers (minimum--not point--conceptual)
c. excludes discharge of point sources
d. pesticides, herbicides, and nutrients
e. within sewered area
f. includes sediment production,_particularly
problems within collectIOn system and then
affecting Great Lakes waters















































of area and over 25 percent of area, respectively.
a. includes forest and agricultural-based industries
b. pesticides, herbicides, and nutrients
 
c. salt wells
d. includes sediment production

































coal, limestonei iron ore, copper
salt wells
includes sediment or other production
Pesticides, herbicides - Agricultural
land with delineation by (a) row







only on agricultural land with four classifications
above but also on other land not included in
categories i, 2L73, 10, and 11 (high density)
Nutrients - Agricultural
land with delineation by (a) row crops, (b) close-
grown
crops,
(c) pasture and meadows,
and








above but also on other land not included in


















































e. includes sediment production on agricultural
land but also on other land not included in




a. excluding that produced in categories 1 and 2 above
b. all inclusive agriculture-based animals excegt
intensive animal Feedlots Ypoultry, dairies, etc.)
c. legislation





a. erosion and sedimentation, timbering
b. pesticides, herbicides, and nutrients
c. change in forest practices
d. clear cut or no clear cut
e. extensive recreational USES
All. Recreation Land (private and public)
a. parks
b. cottage subdivisions
c. high density non-sewered residential areas


























sludge deposits (municipal and industrial)
water with content carried to land
jegislation
Solid Waste Disposal Areas
a. sanitary landfills, municipal, and others
b. legislation
Land Fills
a. by dry or wet methods
b. dredging
c. dredge spoil disposal areas
d. legislation
Deep Well Disposal















































Management and Control of Land Use/Water Quality Problemq
a. dvvvlop standard Form
 
b. all States survexed
c. ma‘or contract














































































URBAN - COMMERCIAL - INDUSTRIAL (Urban and Built-up)
a. Residential
1) Man-made hard surfaces less than 10 percent of area
(low density)
2) Man-made hard surfaces between 10-25 percent of area
(medium density)
3) Man—made hard surfaces over 25 percent of area
(high density)
b. Commercial and Industrial:
1)






b. close grown crops
c. pasture and meadows












LIQUID WASTE DISPOSAL AREAS




































































disposal system and sludge
application areas)












national, state, local and, to























number of miles and approximate
location of riverbank erosion
areas by degree of severity
number of herds and cattle by
county (source;
Census of Agriculture)
- number of houses by county
not on public sewer systems






















acres treated by category (general
chemical groupings) pesticide;
quantities applied (by category)
quantities and acres by major crop
or use; (includes agricultural and
other uses)
general methods of application
quantities of fertilizer applied
by analysis, including minor
elements
acres fertilized;
quantities and acres by major crops;
general methods of application










































































































































































































































































































































































































































































































































































































































































































































































































































































































































The basin has a population of about 500,000 persons and includes the
cities of Brantford, Kitchener, Waterloo, Cambridge and Guelph; the towns of
Elmira, Fergus, Elora, Paris and Dunnville and many villages and hamlets.
Agricultural uses are extensive and varied.
The Agricultural College
of the University of Guelph is also centred in the Grand River basin.
The Grand River Conservation Authority has developed a number of
recreation areas primarily around the numerous empoundments and reservoirs
throughout the basin.
These areas offer swimming, picnicing, boating, fishing
and camping.
Streamflow
Continuous streamflow records are maintained at 26 gauging stations
throughout the basin.
The gauge closest to the river mouth is located at
Brantford.
This station measures the total flow from about 80 per cent of the
basin.
Records kept for 37 Years indicate that the annual average flow at this
point is 1850 cfs.




and minimum daily flow values on
record are
47,800 cfs and 24 cfs respectively.
Since 1950, the minimum daily discharge on
record is 212 cfs.
Water Quality Monitoring
 
River sampling for chemical, physical, biological and bacteriological
water quality
has been carried out
for many years.
Currently 3h stations are






The waters of the Grand River




loading pressures, evidenced by
excessiVe growths of algae and aquatic plant
life, occur
in the heavily populated
sections of
the middle and
lower basin, where numerous
sewage treatment plants




















polluting materials throughout the drainage system.








































length and has an average gradient of 9.5 feet per mile.
Four major
tributaries,































































The headwater areas of the basin can be described as rough and rocky
land with large areas of swamp and non-productive woodlands. Cleared areas are
primarily permanent pasture. The soil is loamy or gravelly. The Teeswater River
which drains the south-western portion of the basin drains the Greenock swamp.
Above Walkerton, the several branches of the Saugeen flow in old glacial
spillways with broad gravel terraces. Below Walkerton the river flows through the
Horseshoe moraine in a valley aboutone-half a mile wide and 150 feet deep. North
of the moraine there is an extensive sand plain formed by Lake Warren. in this
area the valley is over 75 feet in depth and up to two miles in width. Within the
valley are numerous sand and gravel terraces, remnants of former flood plains.
Below Paisley there is another deep passage through a clay-till ridge and a few
miles further downstream the river enters a former lagoon which was enclosed by the
heavy Algonquin beaches at Port Elgin. From here to its mouth at Southampton the
r ver valley seldom exceeds 50 feet in depth.
Land Use
Land use in the Saugeen River basin is primarily agricultural with a
large area of the basin permanent pasture. Intensive livestock and poultry
operations and a wide variety of crops are also found in the area. Much of the
land, particularly in the headwater areas, is swamp or unproductive woodland.
Urban development is sparse. The largest municipality, Hanover, has a
pOpulation of 4,950. Other municipalities in the basin are Walkerton (h,300),
Mount Forest (3,000), Durham (2,430), Southampton (1,815), Chesley (1,680), and
Markdale (1,1A0).
The Saugeen Valley Conservation Authority has developed a number of
recreational areas within the basin.
Streamflow
Continuous streamflow records are maintained at three locations in the
basin. The gauge closest to the river's mouth is located at Port Elgin. Records
kept for this station since 1914 indicate that the mean daily flow is 1960 cfs, the
lowest flows occur in August and September (average - 600 cfs) and the maximum
flows occur in April (average - S300 cfs). The extreme instantaneous flows on
record are a maximum of 31,640 cfs and a minimum of 202 cfs.
Mean daily temperature in the Saugeen River basin in about 44 degrees i




Routine sampling for chemical, physical, biological and bacteriological
water quality has been carried out for many years. Currently 17 stations are
monitored on a monthly basis.
Portions of the basin indicate nutrient enrichment most probably fron
non-urban sources. Organic enrichment is evident below some of the municipalities.
An intensive water quality investigation is currently underway in the basin to
isolate pollution sources and recommend remedial action. '
The Wilton Creek basin in eastern Ontario drains an area of 57 square
miles with discharge to Lake Ontario at Hay Bay east of Napanee. The stream is 27
miles long and flows through a narrow basin.
Physiography
The drainage basin is characterized by a thin veneer of overburden on a
relatively flat-lying limestone plain of Ordovician Age.
The soils which haVe
developed from the overburden reflect the two major types of parental material;
lacustrine clays and stony, sandy-silty tills.
The lacustrine clays which are
restricted primarily to the southern portion of the basin and adjacent low-lying
areas form the Napanee and Lansdowne Soil Series. These soil types are rather
impermeable, creating poor to imperfect drainage conditions.
The glacial tills,
lower in the stratigraphic sequence than the lacustrine clay, cover the majority of
the basin and have the following soil types developed from them; Bondhead, Guerin
and Farmington Series.
Where these are shallow (3 feet), the relatively-good
permeability of the soils coupled with the fractured nature of the underlying
limestone bedrock create areas of very low soil moisture storage capacity and also
areas where the risk of ground-water pollution is strong.
Land Use
The shallowness and stony nature of the soil strongly restricts the land
use within the basin.
A land use survey conducted in 1969 by the Ministry of the
Environment indicates that the breakdown for total acreage of the basin was:
hay (4,028 acres), pasture (1,3h8), bush (3,054), scrub (1,000, swamp (640),
corn (3AA), houses (318), oats (120), and wheat (8 acres).
The present residential p0pulation is estimated as approximately 800.
The following small centres of population, in order of size, lie entirely within
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FACTORS FOR SELECTION OF AGRICULTURAL REGIONS AND WATERSHEDS
 
Factors to be utilized in the preliminary phase of the study.
Purpose: To enable the principal “agricultural regions” to be
identified within the Canadian Great Lakes Basin. An agricultural region
















land use or combination of land uses exists.
1. Soils: Different soils are recognized by a grouping which reflects the
potential ofga soil to transfer a “pollutant” from the soil surface to a
water system (surface or ground or both). The grouping takes into account
soil texture, depth,slope and drainage class. Guidelines for this
grouping are given in Table . Final determination of the groupings of
individual soil series has been made by Dr. C. Acton, Soil Survey Unit,
C.D.A., Guelph.
 
2. Agricultural Land Use: LiVestock and crop types have been grouped where
possible by management or other characteristics which give the members of
each group a similar relationship with the physical environment (see table
2). An agricultural land use is defined as any individual livestock or
crop type (or group) orany identifiable crop rotation or combination of
livestock with crops.
3. Climate: A broad distinction has been made between the climatic zones of
the region. Recognition is given to the higher snowfall, rainfall and
runoff, and lower degree-days and shorter growing season of the central
uplands. This is in contrast with the climate of the rest of the region
which is lower in elevation, closer to, and more influenced by, the Great
Lakes.
Factors to be utilized in the selection of watersheds for the detailed phase of
the study.
1. Results of an analysis of data obtained from the preliminary phase of the
study:
This data should indicate those agricultural regions from which
significant quantities of any pollutant migrate to the Great Lakes Drainage
System. The detailed phase of the study will have as its primary objective
the isolation of the source(s) of the pollutants found.
2. Pesticide Usage Inventory:
Areas of intensive usage of pesticides or of a specific pesticide will be
identified and consideration given to these areas in the selection of sub-
watersheds for the detailed study.
Soil Erosion Studies:



















inary phase of the study, soil erodibility information will be used
to plan studies to investigate the source and transport of these
sediments.
Livestock Operations Inventory and Livestock Waste Runoff Studies:
In watersheds where livestock related pollution is found in the
preliminary phase, the livestock inventory and waste runoff data will


























Soil Potential for Pollutant Transfer
GROUP | Soils with high potential for contribution to surface water systems
(streams 8 small lakes) and low potential for contributions to
ground water.
la. fine textured profiles, low infiltration rate
 
Profile Texture Slope Drainage class












lb. medium textured profiles, low infiltration rate
loams >6% well drained




























































Soils with moderateipotential for contribution to both surface
water and ground water.
 
llb. medium textured profiles
Profile Texture Elgpg Drainage class
loams >6% mainly imperfectly drained
silt loams >6% ”
Soils with high potential for contributions to ground water; low
potential for contributions to surface water.
lllb. medium textured profiles
Profile Texture Slope Drainage class
fine sandy loams All mainly poorly drained
gravelly loams " ”
loam over gravel " “
Illc. coarse texturedgprofiles
deep sands or sandy loams “ “
sand or sandy loams over gravel ” ”
Illd. shallow soils overlying bedrock
Soils with low potential for contributions to both surface water and
ground water.
IVb. medium textured profiles
Profile Texture §ﬂgﬂg Drainage class
loams ' >6% mainly well drained
silt loams >62 ”
ch. coarse textured profiles
sands or sandy loams over clay >3% All
Soils with high potential for contribution to both surface water
and ground water.
Va. fine textured profiles






































loams . AH poor























IN COMPILATION AND PREPARATION OF EXISTING
DATA
I







has been obtained from the I971
Census of Agriculture
(Statistics Canada).
Both township summaries and enumeration area
data are
being used.
Conversion of township census data to express
livestock manure




















to the editing out of








Mr. Marvin Kaplanski of the Scientific Applications Division of
C.D.A.
is









































should be available by the end of November.
2. Soil survey reports and maps
Ontario Soil Survey - are being used for soil information.
Assistance
is being given by Dr. C. Acton, Soil Survey Unit, C.D.A., Guelph.
Photographic reductions have been made of the soil survey maps for the
basin.
These have been composited on a scale of l:250,000 to correspond to the














the census data maps mentioned
in (1) above.





is being obtained from the Canada Land
Inventory,
Climates of Canada for Agriculture,
C.L.I. Report No.
3,
1966, and the Climate
of Southern

































The large number of climatic zones as outlined in the D.0.T.
Climatological Study by Brown, McKay and Chapman, are considered to lack
individual significance for a study of this type.* Consideration has been
given to maps of precipitation, snowfall, runoff, growing degree days and
the climatic zones mentioned above. A zone of higher rainfall, snowfall,
runoff, growing degree days and the climatic zones mentioned above. A zone
of higher rainfall, snowfall and runoff and lower growing degree days has
been outlined as shown in Figure 6.
Pesticide Usage Inventory
 
Mr. Murray Raich, 0.M.A.F. Economics Branch, Toronto, and
Dr. R. Franks, 0.M.A.F., Guelph, are in the process of compiling data on
pesticide usage in the Canadian Great Lakes Basin, from a recent survey
commissioned for this purpose. The information will be utilized to determine
the types of pesticide analyses to be made in the preliminary phase of the
Task C study. It will also be used as a guide to the selection of sub-
watersheds for inclusion in the detailed phase of the study, for the detailed
phase of the study, for the detailed study of pesticide movement from agri-
cultural land.














Dr. G. Wall, C.D.A. Soil Survey Unit, Guelph, is in the process of
developing maps of soil erosion potential. Dr. T. Dickinson, Professor of
Hydrology, University of Guelph, is preparing information from existing
sediment load data and stream flow characteristics. The erosion potential
maps and sediment and stream flow information, together with sediment data
obtained during the preliminary phase of the study, will be used to guide the
selection of sub-watersheds for inclusion in the detailed phase. These sub-
watersheds will be used for the detailed study of soil erosion, and sediment
transportation processes, from agricultural land.
Maps will probably be compiled at a scale of 1:250,000.




With the assistance of Mr. B. Ryerson, Canada Centre for Remote
Sensing and Mr. Laurie Philpotts, Farm and Rural Development Division,
Economics Branch, C.D.A., an animal operations inventory is being compiled
jointly by the Engineering Research Service and the Soil Research Institute,
C.D.A.
Airphotos are being used to determine the type, location and
estimated size of livestock operations in Southern Ontario.
The Airphotos on
a scale of 4 in. to 1 mile, are from both the Ontario Ministry of Natural

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































A wide area of land use activities is represented in the basin as
shown in the accompanying Table.































































The largest concentrate of urban and residential area is in the Rochester
Metropolitan area where the population grew from 6l5,044 in l950 to 882,667 in I970.
All of this growth has occurred in the suburban areas since the central city
population in I950 was 332,h88 and fell to 296,233 in l970.
This population is
concentrated along the main stem of the Genesee River and near Lake Ontario.
Rochester itself is heavily industrialized.
The area is served by
the Barge Canal,
five railroads, five major highways (including the New York State Thruway) and three
airlines.
The Barge Canal, in particular, is still used to move bulky goods like
oil, petroleum products, fertilizer and scrap.
The basin north of suburban Rochester is for the most part sparsely
populated and consists of primarily agricultural lands with some forested areas.
Although the agriculture is predominantly dairy, there are extensive truck and
row crop areas with a prevalence of vegetable crops and fruit orchards.
Corn is
the major crop.
Oats, wheat and barley combined occupy
about the same acreage as
corn. ~
Menomonee River Basin
The I36 square mile Menomonee River watershed is located in the southeast-
ern corner of Wisconsin and discharges to Lake Michigan at the City of Milwaukee.
This highly urbanized watershed encompasses all or parts of four counties and I7
cities, villages and towns and currently contains a resident population of about
400,000 persons (2,9h0 persons per square mile).
Existing urban land uses range


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 A-V - 1
stream during the conduct of these studies and could also serve a similar function
for the expanded studies.
Insecticide,
fungicide,




Of particular interest is the practice of removing all
ground vegetation to increase crop yields.
The younger farmers in the basin
generally employ
such techniques while older farmers allow grass
to cover the
entire orchard.
These contrasting practices are spacially separated within the
basin and offer an opportunity to assess the impact of differing cultural practices
within what might otherwise be considered a single land use.
Maumee River Basin - Ohio
 
A detailed
description of the Maumee River









the major portion of the Maumee River
Basin which
lies in Ohio will be presented herein.
The Maumee River watershed represents that segment of the Great Lakes
Basin that drains into the western end of Lake Erie (Fig.
).
The Maumee River
originates at Fort Wayne,
Indiana where the St. Marys and St. Joseph Rivers
converge and flows
128 miles
































































































































































































































































Silurian and Devonian limestones, dolomites, and shales represent the chief bedrocks
of the Basin and are covered with a mantle of Pleistocene deposits ranging up to
400 feet in thickness; however, in the eastern portion of the basin these materials






















































Twila in ilw Mnumm‘ River [iii-.in .ll<‘ (ll'Vt‘lL)|)(‘(l llUIIl llii‘m‘ Intiim lypt". o
(it‘iil0lilt males i.il-.: (1|.iy loam, silly clay and clay lill deposits; lacusll im'
Clays; and lacustrine (beach) sands and gravels. In the Ohio sector of the Basin,
soils derived from these materials comprise, 58%, 18%, and 7% of the area,
respectively, or 42%. 13% and 5% of the entire Basin. Because of the low gradient
and weak dissection in the Basin over 50% of the soils in the Ohio sector are
poorly drained. This has given rise to numerous man-made drainage ditches criss-
crossing the area.
The major till derived soils of the Till Plain are Morley, Blount,
Pewamo and in the Lake Plain St. Clair, Napponee, Hoytville, and Wetzell. They are
developed in illitic-rich till deposits ranging from 35 to 50% in clay content and
20 to 25% in calcium carbonate equivalent. Surface horizons range from loam or
silty clay loam to clay loam in texture while subsoils are generally clay texture.
The two most extensive soils of this group are Blount and Hoytville which comprise
over 35% of Ohio‘s sector of the Basin. The predominant clay minerals are illite
and vermiculite. There is a progressive increase in illite and decrease in
vermiculite with depth in these soils from the surface to geologic materials as a
consequence of decreasing weathering intensities with depth. This affords an
unique opportunity to utilize clay mineralogy to differentiate sediments of
surficial versus geological origin.
The most extensive lacustrine clay-derived soils of the Lake Plain include
Roselms, Paulding, Latty, Fulton, and Toledo. These soils plus associated members
comprise over 18% of Ohio's sector of the Basin or over 13% of the entire Basin.
Excluding Toledo, this group of soils is found exclusively in Ohio and form a most
important component to the Maumee River Basin because of their fine texture (50 to
80% clay) and susceptibility to erosion. In spite of the nearly level tablelands
occupied by Paulding, Latty and Toledo soils, their fine surface textures, slow
permeability, and practices commonly employed to improve drainage make these soils
potential contributors to sediment production in the Basin. Perhaps even more
importantly are soils such as Roselms and Fultoh which occur aWong valley sides of
weakly dissected portions of the Basin. These soils are highly susceptible to
erosion when fall plowed because of fine surface textures (60 to 80% clay) sloping
landscape positions and saturated soil conditions during Winter and early Spring.
The Paulding Basin which includes a high percentage of these soils in Paulding,
Defiance, Putnam and Lucas Counties is dissected by several major rivers: Maumee,
Auglaize, Blanchard, and numerous tributaries of same. These are direct arteries
for sediment production to the mouth of the Maumee River.
The clay mineral composition of lacustrine clay-derived soils is similar
to till—derived soils of the Basin.
In general, soils developed in coarser-textured lacustrine beach deposits
are considered a less serious threat to water quality of the Basin. These soils



















percentage of such soils (25%) in contrast to their percentage in the Ohio sector





































































































































































































































































































































































































































































































































































































































st (6 man months)
Sr. Engineer (6 man months)
Eng. Tech. (6 man months)
Temporary services (12 man months)
Travel
Consulting and Special Services
Cornell University
NYS Div. of Labs & Research
NYS Geological Survey
Computer Services
USGS Gaging Station Operation
Operation of Instrumented Sampling
Stations
Chemical Analyses




Sr. Research Scientist (6 man months)
Sr. Engineer (6 man months)
Eng. Tech. (6 man months)
Temporary services (12 man months)
Travel
Consulting and Special Services
Cornell University















































































































































































































































Dec. 1975 River Basin; Begin 2nd set of












































































































Consulting and Special Services
Cornell University 15,000























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































, A. Sub-contracted. to USGS
?
1.











































































































































































































































to University of Wisconsin System Through
the Water Resources Center - Special Studies, Inter-

































































E. Special Groundwater Study


























D. Capital Items (Special Sampling 1: Analyses)
Year 3
   
Phase 1 Year 1 Year 2 Yea: 14
h/1/7k- 7/1/7h- 7/1/75—' V 7/1/76— 7/1/77—
2111/7h 6/30/3 6130176 6/30/77 12/31/77 20011
$ 8.700 3 36,800 $ 38,600 $ ho.800 $ 21,1120 $116520
390 1.656 1,716 1.836 965 6.593













I118 1,610 1,635 1,716 902 6.281
1 .003 3,881 3 .930 h .136 2 .173 15 .125














3 .780 15 .876 16 .670 17 .503 9 .190 63 ,019
1.th 6.1% 6.150 6.775 3.600 20.109
806 3 Mo 3 612 3.723 2,016 13 667
330.319 175.557 1 3.0 192.303 101.110 691.375
30 .000 20 .000 50 .000
5 .000 10.500 12 .500 12 .500 h .000 8h .500
2,500 30,000 25,000 5,000 1.000 63,500
1,000 2.500 2.500 2.500 1.000 9.500
300 1 .000 1 .000 1 .000 2 .000 5 .300
2.000 3,000 b.000 b.000 b.000 17,000






















































































































































































































t! N N N LLLLIE'L':
“
Budget breakdown by









































































































































































   







































































































































































































































































































































































































































































WORK PLAN AND BUDGET SUMMARY
Ta
sk
Continue field and laboratory sampling and
analyses; consult with Purdue personnel on
model development; prepare semiannual report.
Continue field and laboratory sampling and
analyses; consult with Purdue personnel on
model development, prepare semi-annual report.
Complete field and laboratory sampling
and analyses; submit data and consult
with Purdue personnel on refinement and
testing of model; prepare final report.
It
em
Personnel
Supplies, Equipment, &
Maintenance
Contract Analyses
(special samples)
Computer Time
Travel
Publication
Indire
ct Cos
ts
Perso
nnel
Supplies, Equipment,
& Main
tenanc
e
Contract Analyses
(special
samples)
Comput
er tim
e
Travel
Publication
Indirect Costs
Sub-Total
Personnel
Supplies & Maintenance
Contract Analyses
(special samples)
Computer time
Travel
Publication
Indirect Costs
Grand Total
Pg. 2
Budget
$25,888
3,000
2,0
00
2,520
1,250
5
0
0
17
972
——L
_._
$53
,13
0
27,175
3,0
00
2,000
3
,
0
2
4
1,
25
0
50
0
1
8
8
6
2
____L
_.___
$5
5,
81
1
$108
,941
27,
174
3,0
00
2,000
2,520
1,2
50
1,0
00
18
863
.__J.__._
$55,807
$369,450
A
—
V
-
S
